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The social, as distinct from the industrial, uses of the Rhodo-

phyceae in Malaya have been comprehensively listed by I. H.

BURKILL (1935) and in Malesia by J. S. ZANEVELD(1959),

but the actual agar content of Malayan agarophytic species has

nowhere been reported. Similarly the same authors have recorded

(loc. cit.) the social uses of the Phaeophyceae, and some of the

traditional industrial uses such as sources of potash, soda and

iodine. The alginic acid content of Malayan alginophytes has not

been recorded. The object of this paper is to put on record some

values for agarophytes in the first part, and for alginophytes in

the second. The field work was undertaken by the first author:

the analyses were done at the Tropical Products Institute,

London.

Part I —Agarophytes

Japan has long been considered, and rightly so, the main

agar-producing country of the world, though shortages of supply

during World War II led the western nations to. search for

alternative domestic sources of supply. Of the agarophytes

exploited in Japan, Gelidium spp. are the most important. This

genus is represented in the Malayan algal flora but it has not

been found in adequate abundance to make collecting practicable.

The genus Gracilaria is well represented, and at many points

around Singapore and the western coast of the Malay Peninsula

there are beds of G. lichenoides, the source of Bengal isinglass.

At certain times of the year thjs species is thrown up on the

beaches as jetsam in quantity. This, and some collected in the

shallow sublittoral, is used domestically for making agar-agar

sweetmeats: some is collected for feeding to pigs and ducks

(though its food value has not been investigated), but very-

little, if any, is collected for industrial use.
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Besides, Gracilaria, there are Eucheuma spp. growing on the

littoral and sublittoral fringe, which are used in a similar and

small way, but never in quantity for commercial exploitation.

This situation is in spite of the fact that Singapore handles a

considerable entrepot tonnage of agarophytic seaweeds (largely

Gracilaria and Eucheuma) from neighbouring countries.

Samples of Gracilaria and Eucheuma from Singapore and the

Johore River estuary have been collected for chemical analysis

together with a sample from a commercial entrepot consignment

from Indonesia for comparison.

Table I gives the results of these analyses. All three local

samples of Gracilaria lichenoides had agar contents slightly

superior to that of the Indonesian entrepot sample. In respect

of gel strength, both Singapore samples produced gels equal to

the commercial sample, though that from the Johore River gave

a somewhat softer gel. The 'Difco' agar against which these

were compared is a standard, high quality, hard agar. The results

from the local collections of Gracilaria lichenoides are considered

to be highly satisfactory.

The Johore River station is a few miles up the tidal estuary

from its mouth in the East Johore Straits. Pulau Tekong and

Teluk Paku both stand to seaward of this point. The water at

the Johore River station is of reduced salinity and differences

of quality may be due to this.

Eucheuma muricatum yielded an agaroid, that is, an agar

extract which would not gel. This quality is already known for

E. muricatum which finds use in Japan as a diluent for high

grade agars.

In extension of this information on Malayan agar resources,

it seems appropriate to record here previously unpublished data

(T.P.I, archives) on some 1940 analyses made by the Imperial

Institute, London. These analyses were made in the general

search for sources of agar other than from Japan at the beginning

of World War II. Samples were submitted from Penang, Malacca,

Pulau Besar and Pulau Upeh off the Malacca coast, and Singapore.

Samples from Indonesia and South India were at the same

time examined. All were labelled as Gracilaria lichenoides except

that from Penang which was stated to be Gracilaria sp. The
results are given in Table II.

The hot water soluble matter in these tests compared favourably

with solubilities from different species used in Japan for the

preparation of commercial agar, and they will be seen to be

similar to those recorded in Table I.

Gelation tests, comparing these samples with commercial

Japanese agar, showed the Indian sample to be superior. All

the others except that from Pulau Upeh were good or fair and

were deemed to be promising as sources of commercial agar.
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TABLE II

Analyses of some local agarophytes

(Bull. Imp. Inst. 1941, 39, 16 and hitherto unpublished results).

Origin
Hot water soluble

extract

/o

Soluble chlorides

as NaCl
V/o

Penang 67.1 4.9

Malacca, mainland 59.6 3.8

Malacca, P. Besar 64.1 3.8

Malacca, P. Upeh 51.4 3.9

Singapore 46.8 0.2

Indonesia 42.6 0.2

India 57.3 6.3

Penang sample = Gracilaria sp. All other samples

=

Gracilaria lichenoides.

Part 2 —Alginophytes

The presence of algin is a feature of the larger brown seaweeds,

but the most important genera which meet the world's demand
for alginic acid are not represented in the Malayan algal flora:

Macrocystis, Laminaria, Ascophyllum, Eisenia, Ecklonia and

others occur in more temperate regions. Newton (1951) records

the use of Sargassum ringgoldianum in Japan, and Hoppe and

Schmidt (1962) refer to the presence of Sargassum species in

the Singapore algal flora without mentioning any specifically.

These authors quote alginic acid contents for S. myriocystum,

22 percent, S. plagiophyllum, 21 percent, and S. wightii, 25 per-

cent, on the Ceylon and Indian coast. The genus Sargassum

from the rather fragmentary collecting that has so far been

done, is clearly well represented in Malayan waters (see Grunow.
1915-16). When further systematic collecting and taxonomic

research has been undertaken, this vast genus will surely be

found to be much richer here than is at present known. Cystoseira

and Turbinaria of the family Sargassaceae also occur around

Malaya.

The Sargassums at Raffles Light

Around Singapore, at least, and probably at many points

along the western Malayan seaboard, the Sargassum beds are a

conspicuous feature of the algal ecosystem of the littoral and
immediate sublittoral coral reefs. For the present exercise, the

beds at Raffles Light (Pulau Satumu) were chosen because of

ease of access and because of facilities available in the marine
laboratory of the University of Singapore Zoology Department
situated there.
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The island lies at the western limit of the Straits of Singapore

at the southern end of the Straits of Malacca. It is of lateritic

rock, barely one acre in extent. It has an intertidal littoral fringe

of coral, rocks and small sandy pools covering about eight acres.

The spring tide range is about 10 feet. The upper limit of the

sargassum is about the midlittoral. The lower limit is at about

two feet below low water spring tide level, which also marks

the edge of the reef where it plunges steeply into deep water.

Some studies of the littoral ecology of this island have been

published by Purchon and Enoch (1954). They record only the

occurrence of Sargassum siliquoswn J. Ag. and Turbinaria ornata

J. Ag. of the Sargassaceae, but there is plainly a greater representa-

tion than these two, especially of the genus Sargassum.

Observations recorded in this paper were made in 1960/61 on

Sargassum glaucescens, S. swartzii and S. assimile, and in 1962/63

on S. glaucescens, S. myriocystum and S. swartzii. Vouchers for

all the assays are laid in the Singapore Herbarium. These four

species occupy marked niches on the coral shelf, the most

obvious characteristic of their positions being the degree of tidal

inundation and of exposure of the tidal flow. Tidal predictions

(H.M.S.O. 1962) record peak water movement of over 3^ knots.

S. swartzii is predominant on those rocks most exposed to this

movement, and hence it is mainly at the lowest littoral level

though it does occur scattered here and there with S. glaucescens

and S. assimile. These two latter species are freely intermixed with

one another and cover the whole of the lower littoral coral shelf

subject to tidal flow. S. myriocystum occurs only in sheltered

water. It tends to be silt covered and is mainly at mid-tide

level and is therefore inundated the least of the four species.

S. siliquosum, referred to above was not sampled because of its

inabundance relative to these other species. It occurs on the lower

littoral in a small sheltered part.

Growth Cycle

The species are deciduous: S. glaucescens, S. swartzii and

S. assimile completely shed their secondary branches towards

the end of the northeast monsoon period which is approximately

November to March. In 1961 and 1963, these species were

entirely broken down to stubble —the holdfast and brief primary

stem, a few basal leaves and a few incipient secondary branches

—by March. In 1962 breakage was complete by February.

S. myriocystum maintains some secondary branches the year

round, though the old fertile branches are eventually shed. It

appears that the secondary branches of this species, unlike the

branches of the other three, may last longer than one annual

cycle.

This timing is not necessarily the same elsewhere, and it must

be considered to be a characteristic of the locality. For instance,

S. glaucescens is common on the lower littoral of the Labrador
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beach by the western entrance to Singapore docks, and some

10 miles distant. On this beach it is protected both from the

northeast monsoon and also from extreme tidal flow. The mature

growth of this species persists for much longer than it does at

Raffles Light so that when it eventually does break off, the new
secondary branches have grown appreciably and the rocks do not

assume the same bare fallow appearance.

Regeneration at Raffles Light is slow at first and the reef is

bare for some months except in those areas occupied by

S. myriocystem. The sargassum of the lowest level grows first and

most quickly, regeneration spreading upwards so that by July

the reef is clothed again in its mantle. Mature stature is attained

by August-September, and the plants become fertile soon after,

there being some variation between species. Observation on these

points are given in Table III.

TABLE III

Sargassum Growth Cycie at Raffles Light at approximately the

mid-lower littoral level

(a) average length of plants in inches.

(b) state of fertility: s = sterile; f = slightly fertile; ff = moderately
fertile; fff = very fertile.

Species S. glaucescens S. myriocystum S. swartzii S. assimile

Date (a) (b) (a) (a) (a) m

20-3-60 3 s

27-6-60 6 s

6-9-60 is s 24 ff

8-10-60 15 f 24 fff

5-11-60 18 ff

21-12-60 24 ff 36 ftf

28-1-61 36 ff f 24 f 60 ffr
3-3-61 .. 12* fff 15* f *

Persis-

ting

18-5-62 6 s 9 s 6 •

10-6-62 9 s 12 s 9 :
3-7-62 12 s 12 s 9 s

1-8-62 18 s 15 s 18 f

3-9-62 24 s 15 s 18 f

1-10-62 24 s 24 s 24 f

1-11-62 24 f 24 s 24 f

30-1 1-62 24 ff 24 f 24 f

28-12-62 24 fff 24 f 24 f

2-2-63 18* fff 18* fff 12* f

25-2-63 ..t 12* fff ..t
Persis-

ting

End of season breakage occurring. fEnd of season breakage completed.

In the areas dominated by S. glaucescens and S. assimile there

is an underlayer of Cystoseira prolifera which is exposed when

the sargassum shed its branches, and this too breaks up soon

after.
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Chemical analysis

Sampling of the material for chemical analysis was carried out

during the growth cycles of 1960/61 and 1962/63, the secondary

branches being cut from the primary stem, which with the

holdfast remained in situ. The harvested material was rinsed in

fresh water, oven-dried and despatched to the Tropical Products

Institute, London, where the analyses were made.

The initial samplings of March to June 1960 were made on

plants little more than stubble, and the species concerned were

not separated, but they were mainly S. glaucescens and S. assimile

mixed. Subsequent samplings were made on these species

separately. The samplings of 1962/63 were carried out on

S. glaucescens, S. myriocystum and S. swartzii separately.

Alginic acid and mineral ash contents on a percentage basis of

dry matter are shown in histogram form in Figures I and II, and

the annual results averaged out over species are at Table IV.

Alginic acid contents observed rank favourably with the contents

of other species from elsewhere which are exploited commercially.

TABLE IV

AVERAGEALGINIC ACID AND ASH CONTENTSOF
SARGASSUMSPP.

alginic acid as percent
Of dry weight

ASH AS PERCENTOF
DRY WEIGHT

Species

1960-61
Sept. —Jan.

1962-63
May—Feb.

1960-61
Sept. —Jan.

L962-63
May—Feb.

S. glaucescens 23.0 25.6 26.2 23.6

S. myriocystum 20.9 30.2

S. swartzii 24.6 21.5

S. assimile 23.7 26.6

Between species, in respect of alginic acid content S. myriocystum

at 20.9 percent is markedly inferior to S. glaucescens at 25.6

percent and to 5. swartzii at 24.6 percent. It is probably also

inferior to S. assimile at 23.7 percent recorded, however, in a

different, though probably a poorer alginic acid producing year.

(See below.) There appears to be little difference in alginic acid

content between S. glaucescens, S. swartzii and S. assimile.

Mineral ash contents follow a similar, but converse pattern.

These are looked at in more detail below.
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Fig. I. Alginic Acid and Mineral Ash contents of Sargassum species at

Raffles Light, 1960/61 ( as percentage of dry weight).
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Fig. II. Alginic Acid and Mineral Ash contents of Sargassum species at

Raffles Light, 1962/63 (as percentage of dry weight).
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DATA.

Gpecies Locality Ye^r •

Percentage dry weight

Ash Alginic acid

Sarga33uai indet. Raffles L. I960 Av. 23.1 22.6

S.glauoesooas Baffles L. 1960/1 Av. 26.2 23.3
1962/3 Av* 23.6 25.6

S. cj-riocystura Raffles L. 1963/3 Av. 30.2 20.9
P. Undan 1961 28.8 25.4
P. ITangka 1961 32.3 19.7

S. swartzii Raffles L. 1962/3 Av. 21.5 24.6

S. aasimile Raffles L. 1960/1 Av. 26.6 23.7
C. prolifera P. Hantu 1959 59*0 9.5

Raffles L. 1961 27.7 24.0
Turbinaria sp. P. Hantu 1959 45.6 12.9
Padina sp. P. Hantu 1959 65.2 5.0

Fig. III. Relationship of Ash Content to Alginic acid content for

species, localities and years
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Variation between years in alginic acid content and ash content

has been reported by Lunde (Chapman, 1950) in Laminaria

digitata. Such variation is demonstrated here in respect of

5. glaucescens which was recorded in both seasons, the 1962/3

season being better for alginic acid production, with a lower

mineral ash content, than the 1960/61 season. Indeed, some

annual variation in any harvested crop is a natural expectation.

Lunde for L. digitata and Black for L. cloustonii (Chapman

loc. cit.) both recorded an annual period of peak for alginic acid

content. Such a situation is not apparent in either of the two

years over which the sargassum was examined. While there has

been monthly variation, as is shown in Figures I and II, the

variation has been irregular. Similar but converse irregularities

are also shown for the mineral ash content. The causes of these

abrupt changes are not understood, but that there is some relation-

ship between the alginic acid and mineral ash contents is shown
below. The irregularities however smooth out over the months
and there is no apparent peak period.

TABLE V

ANALYSESOF OTHERMISCELLANEOUSCOLLECTIONS

Species Locality Date

PERCENTAGEOF
DRY WEIGHT

Ash Alginic acid

Sargassum myriocystum Fulau Undan
Malacca

2^-61 28.8 25.4

Pulau Nangka
Malacca

30-4-61 32.3 19.7

Sargassum swarizii Raffles Light
Singapore

28-1-61 32.8 22.9

Sargassum 'E' Pulau Nangka
Malacca

30-4-61 27.1 23.1

Cystoseira prolifera .

.

Pulau Hantu
Singapore

14-11-59 59.0 9.5

Raffles Light
Singapore

3-3-61 27.7 24.0

Padina sp. Pulau Hantu
Singapore

14-11-59 65.2 5.0

Turbinaria sp. Pulau Hantu
Singapore

14-11-59 45.6 12.9



Bwkill et al. —Malayan agaro- and alginophytes 439

A few other miscellaneous samples of various brown seaweeds

have also been analysed, and these are recorded in Table V.

The sargassum analyses are similar to those of the main part of

this record. S. myriocystum at Pulau Undan, in the Straits of

Malacca and 100 miles distant, ranks highest in alginic acid

content of the observations for this species, though the record

from Pulau Nangka, some four miles off from Pulau Undan,

is only identical with the poorer ones from Raffles Light. Of

particular interest is the record of Cystoseira prolijera taken at

Raffles Light on 3rd March, 1961, which ranks equal in alginic

acid with the best of the sargassums. This species is nowhere

abundant enough to be a major element in the algal flora, and

so would not contribute greatly in any exploitation, but the great

disparity between the alginic acid content of this sample and of

C. prolijera from Pulau Hantu, a Singapore inshore island, is one

of many pointers to the effect of locality (perhaps salinity) that

merits investigation. Black, Richardson and Walker (1959) record

variation of Scottish samples of Laminaria cloustonii within a

location and between locations of differing salinity, which is in

line with our findings. Their observation on the variability between

individuals is based on plants of large size, whereas our material

being relatively small and slender did not lend itself to individual

assessment. Variation is a reasonable expectation, but it is not

possible to express an opinion whether our minimum sample of

20 plants (more often a sample contained about 30 plants) was

adequate to smooth out sampling errors. Black, et al. required

120 plants of this very bulky material which varied in age between

4 and 10 years. Our material was all under one year old. It is a

moot point how far we may draw comparisons and inferences

of this sort on materials so differing in morphology, taxonomic

status, and environment.

Weight of wet sargassum in relation to yield of alginic acid.

Yield per unit area has not been observed. It would anyhow
vary between localities, between tide levels in the littoral and

sublittoral, and between species harvested. The weight of wet

sargassum to yield of alginic acid is however an important practical

consideration in harvesting. Some observations on this were taken

from the first one dozen samples of the 1960/61 season and are

summarised in Table VI. The fresh samples were weighed wet

but drip-free, i.e., when all the free surface water had drained

off the sample spread on a wire mesh frame. Related material

dry weights and alginic acid percentages on a dry weight basis

gave data for a calculation of alginic acid on a wet weight basis.

The sargassum at harvesting contained between 8.4 and 11.6

per cent of dry matter and between 1.9 and 2.6 per cent of alginic

acid. There is a suggestion that as the plant grows from 'stubble'

to maturity there is a decline in dry weight percentage.
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TABLE VI

YIELD OF DRY MATTERANDALGINIC ACID IN RELATION
TO SARGASSUMWETWEIGHTSAT SAMPLING

Sargassum Species Date
Dry matter as

%of wet weight
Alginic acid as

%of wet weight

28-3-60 11.2 2.0

Mixed (mainly S. glaucescens

and S. assimile) <

2-5-60

29-5-60

L /-D-oU

11.5

10.3

Q 1O.J

2.6

2.2

ZA

6-9-60 8.7 2.0

S. glaucescens <

8-1C-60

5-11-60

21-12-60

10.1

9.2

8.8

2.6

2.2

2.1

r 6-9-60 10.6 2.6

S. assimile

8-10-60

5-11-60

9.8

9.3

2.5

2.1

21-12-60 8.4 1.9

Relationship between alginic acid content and ash content

Our records very plainly show a strong negative correlation

between alginic acid and ash contents: when the alginic acid

content is high the ash content is low, and vice versa. Monthly

variations also show this, but what is also noteworthy is that

different genera fall into this pattern. It the values for alginic

acid and ash content contained in Figures I and II and Tables IV
and V are averaged for species and localities and the averages are

plotted against one another, a near straight line regression is

obtained, as is shown in Figure III, for ash contents between

20 and 65 per cent and for alginic acid contents between 5 and 27

per cent. We can offer no explanation for the significance of this

fact, but it is one calling for further investigation. It may be that

this is a mechanism, as Black, et al. (loc. cit.) suggest for a similar

relationship between mannitol and ash in L. cloustonii for the

maintenance of a constant osmotic pressure within the plant.

Possibilities of exploitation

Any plans for possible utilisation must be based on a sound

policy of conservation which permits regeneration. Many aspects

other than the taxonomic need to be studied, such as the ecology

and autecology, and more especially the phenology of the species
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to be harvested is all-important. The findings presented in this

paper are but an introduction to a large field awaiting investigation

before any exploitation is attempted. Inferences however may be

drawn in respect of the species harvested at Raffles Light. The
information in Table II indicates the need to limit harvesting of

S. glaucescens, S. swartzii and S. assimile to between November
and January when the plants attain a state of full maturity. Since

the alginic acid content analyses give no apparent optimum over

the growth cycle, this may be the only criterion. However since

periodicity between localities varies, each locality will need a

separate assessment. Any harvesting of S. myriocystum at Raffles

Light would have to be deferred till February on account of later

maturing.
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